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Quantitative palaeoecology generally proceeds by modelling the relationship between 45 species and an environmental variable in modern environments and then applying this 46 model to palaeoenvironmental data to produce quantitative estimates of environmental 47 changes through time. Among the basic requirements of this 'transfer function' 48 approach is that 'the fossil data-sets used for reconstruction purposes should be of 49 comparable taxonomy and nomenclature... as the modern training set' (Birks 1995 ) 50
i.e. that individuals of the same species are identified consistently and called the same 51 name in both the modern and palaeoecological data (Belyea 2007 ). However, there 52 are good reasons to suppose that this assumption is sometimes violated; human error 53 is inevitable and in some microfossil groups there is considerable uncertainty 54 regarding the underlying taxonomy. Such a microfossil group is the testate amoebae, a 55 group of protists which are abundant in many aquatic to terrestrial ecosystems and 56 whose solid shells ('tests') may be preserved long after death ( On the basis of these observations we feel it would be naïve to assume that 124 taxonomies are identical among all researchers. In this study we attempt to gain an 125 A first step in our experiments was to select pairs of species which we 150 considered could be confused (Table 2) . Our combinations were based on three 151 sources of evidence: i) Our assessment of the distinctiveness of the taxon based upon 152 the literature, in particular where taxa have been considered inseparable by some 153 authors. ii) Our observations of the mistakes made by undergraduate and postgraduate 154 students in learning testate amoeba taxonomy. iii) Our own experience of learning 155 testate amoeba taxonomy. We produced separate lists of taxon combinations for each 156 of our training sets, reflecting the differing communities encountered in those studies 157 and the slightly different taxonomic schemes adopted by the analysts. For simplicity 158
we refer to each of these taxon combinations as an 'error combination', however with 159 some of these pairings we note that the distinction between the taxa may not always 160 be clear. We would not claim that our taxon combinations reflect all possible errors or 161 that all of these errors have a high probability. However, we do feel that our taxon 162 combinations include all of the most common confusions. Three sets of experiments 163 were conducted: 164
Individual errors 165
The first group of experiments used only the modern training sets and was designed to 166 quantitatively investigate the impacts of individual errors on transfer function 167 predictions. We identified three possible ways in which each pair of species could be 168 confused: 1. All of taxon A could be recorded as taxon B. 2. All of taxon B could be 169 recorded as taxon A. 3. The taxa could be switched. The training set data were then 170 transformed to reflect each of these three types of error for each of the taxon pairs 171 identified. So for instance with the Alaska data we identified 15 taxon pairs (Table 2) , 172 which could each be transformed in three different ways giving a total of 45 possible 173 individual modifications to the data. We then applied the transfer function derived 174 from the original, unmodified training set to each of these modified data-sets in turn to 175 predict depth to water 
Multiple errors 187
To investigate the cumulative impact of more than one error we also carried out 188 experiments simulating multiple errors in our modern training sets. The same taxon 189 combinations were used as in the individual errors experiments. A random numbers 190 system was used to select a taxon pair, with each pair assigned an equal probability of 191 selection. Where more than two taxa could be confused with each other only one 192 taxon pair could be selected at a time (where more than one pair were selected the 193 data were kept unchanged). Each taxon pair could be transformed in one of the three 194 ways described above with each of these three modifications given an equal 195 Euglypha ciliata/Euglypha strigosa (RMSE≤3.06 cm, 5% measured range), Nebela 233 tincta/Nebela penardiana (RMSE≤2.78 cm, 4.6% measured range) and Heleopera 234 petricola/Heleopera sphagni (RMSE≤2.13 cm, 3.5% measured range). Maximum bias 235 data show that many of these single errors lead to the predicted TI-DWT values of 236 some samples changing by more than 10 cm, and in some cases more than 20 cm. 237
These are highly significant changes; 20 cm represents the DWT difference between a 238 lawn and a low hummock. 239
Multiple errors 240
When multiple errors are simulated there is a steady increase in the deviation of 241 predictions from those based on the unmodified data ( The large impacts of some of the simulated errors may suggest the need to 328 group these potentially problematic taxa in our transfer functions. However these taxa 329 frequently have significantly differing hydrological optima, therefore a corollary of 330 the impacts of these errors is that if these taxa are grouped considerable ecological 331 information will be lost. In the worst case grouping may considerably bias 332 reconstructions. If one of a pair of taxa is well represented in a training set and the 333 other not, the ecological optima of the group will mostly match that of the first taxon, 334 however if the second taxon is more abundant in palaeoecological samples then 335 reconstructed values will be biased. 336
In the absence of any formal taxonomic inter-comparison it is not possible to 337 make any definitive assessment of how much of a problem taxonomic inconsistency 338 may be in praxis. We would suggest that these errors are far from implausible. 339
However, whether or not these specific taxonomic errors are very likely, our results 340 suggest a wider point, that it is possible for taxonomic errors to radically distort 341 environmental reconstructions. Taxonomic errors will not necessarily make any 342 significant difference to environmental reconstruction; indeed, most errors will 343 probably make very little difference. However, there is the potential for a single 344 taxonomic mistake made consistently to so change an environmental reconstruction 345 that the real palaeoecological signal is totally masked. Extreme caution should be used when applying transfer functions, particularly 366 when using training sets counted by different analysts. Researchers attempting to use 367 a transfer function derived by other analysts should work in close cooperation to 368 ensure the same identification criteria are consistently employed. In our experience 369 this is best done by close communication during counting, rather than trying to post-370 hoc adjust the taxonomy of a palaeoecological data-set to fit the taxonomy of a 371 transfer function. Comparison of photographs of difficult taxa between analysts is a 372 useful approach to ensure this consistency. Where there is any doubt at all over the 373 criteria for differentiating taxa these taxa should be grouped or excluded from the 374 data-sets. The fact that extremely large reconstruction errors can be introduced by 375 relatively modest taxonomic errors adds to the case for comparing testate amoeba-376 based records with other data in a multi-proxy approach, and ideally replicating 377 records with multiple cores. All palaeoecological techniques are imperfect, testate 378 amoeba analysis is no exception. 379
There appears to be a tendency in testate amoeba-based palaeoecological 380 reconstruction to use boot-strapping to derive estimates of standard errors and 381 consider any changes which exceed these error bars ( To ensure taxonomic consistency there is a need for a common standard 391 taxonomy which can be applied uniformly among analysts given the constraints 392 imposed by counting large numbers of sub-fossil tests using optical microscopy. The 393 guide of Charman et al. (2000) is the best attempt at this and is widely used (79 394 citations in 'Google Scholar' at the time of writing). However, the taxonomic scheme 395 set out has not met with uniform acceptance with many authors either not adopting 396 this scheme or adapting it to varying extents. Major reasons for this lack of consistent 397 use may include the exclusion of some relatively common peatland taxa (e.g. 398
Euglypha cristata, Tracheleuglypha dentata) and the broad 'types' adopted for some 399 groups of taxa (perhaps most notably the 'Cyclopyxis arcelloides type'). The guide of 400 Charman et al. (2000) provides a first attempt at a difficult task and is a very useful 401 contribution. However we would argue that now, ten years after publication, is the 402 time for a reconsideration and refinement of the scheme in an attempt to achieve a 403 broad consensus. A consistent taxonomy is essential given increasing attempts to 404 compare and combine modern data-sets while the more widespread use of testate 405 amoebae in palaeoecology means that more environmental reconstructions are being 406 produced using transfer functions derived by other researchers. Taxonomic 407 inconsistency is a neglected issue in biological sciences, but its consequences may 408 ultimately be very severe (Bortolus 2008 Prygiel, J., Carpentier, P., Almeida, S., Coste, M., Druart, J.-C., Ector, L., Guillard, 547 D., Honore, M-A., Iserentant, R., Ledeganck, P., Lalanne-Cassou, C., Lesniak, C., 548
Mercier, I., Moncaut, P., Nazart, M., Nouchet, N., Peres, F., Peeters, V., Rimet, F., 549
Rumeau, A., Sabater, S., Straub, F., Torrisi, M., Tudesque, L., Van 
